This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 


BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 


WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(51) International Patent Classification 6 : 
A61B 05/00, A61M 25/00 


Al 


(11) International Publication Number: 
(43) International Publication Date: 


WO 98/22024 

28 May 1998 (28.05.98) 


(21) International Application Number: PCT/US97/2I091 

(22) International Filing Date: 18 November 1997 (18.1 1.97) 


(30) Priority Data: 

08/752,714 


19 November 1996 (19.1 1.96) US 


(71) Applicant: INTERVENTIONAL TECHNOLOGIES INC. 

[US/US]; 3574 Ruffin Road, San Diego, CA 92123 (US). 

(72) Inventors: REISS, Robert; 9675 La Jolla Farms Road, La Jolla, 

CA 92037 (US). GOMRINGER, Gary, W.; 4615 Katherine 
Place, La Mesa, CA 92041 (US). 

(74) Agent: KLICPERA, Michael, E.; Interventional Technologies 
Inc., 3574 Ruffin Road, San Diego, CA 92123 (US). 


(81) Designated States: AL, AM, AT, AU, AZ, BA t BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, HU, IL, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT, LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ, 
PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, 
TT, UA, UG, UZ, VN, YU, ZW, European patent (AT, BE, 
CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, 
PT, SE). 


Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 


(54) Title: MEDICAL GUIDEWIRE WITH FULLY HARDENED CORE 



(57) Abstract 

This invention is a guidewire (10) comprising an elongated core element (12) manufactured from a martensitic alloy that is heat-treated 
to render a fully hardened core throughout its cross sectional area. The core element (12) has a constant taper or step-down decreasing 
cross-sectional area in a direction towards the distal end (24) which is fully hardened throughout its longitudinal length. A single coil, or 
two coils (32, 36) are carried by and secured to said core element (12) near the distal end (24). 


FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCX. 


AL 

Albania 

ES 

Spain 

LS 

Lesotho 

SI 

Slovenia 

AM 

Armenia 

FI 

Finland 

LT 

Lithuania 

SK 

Slovakia 

AT 

Austria 

FR 

France 

LU 

Luxembourg 

SN 

Senega] 

AU 

Australia 

GA 

Gabon 

LV 

Latvia 

sz 

Swaziland 

AZ 

Azerbaijan 

GB 

United Kingdom 

MC 

Monaco 

TD 

Chad 

BA 

Bosnia and Herzegovina 

GE 

Georgia 

MD 

Republic of Moldova 

TG 

Togo 

BB 

Barbados 

GH 

Ghana 

MG 

Madagascar 

TJ 

Tajikistan 

BE 

Belgium 

GN 

Guinea 

MK 

The former Yugoslav 

TM 

Turkmenistan 

BP 

Burkina Faso 

GR 

Greece 


Republic of Macedonia 

TR 

Turkey 

BG 

Bulgaria 

HU 

Hungary 

ML 

Mali 

TT 

Trinidad and Tobago 

BJ 

Benin 

IE 

Ireland 

MN 

Mongolia 

UA 

Ukraine 

BR 

Brazil 

IL 

Israel 

MR 

Mauritania 

UG 

Uganda 

BY 

Belarus 

IS 

Iceland 

MW 

Malawi 

us 

United States of America 

CA 

Canada 

IT 

Italy 

MX 

Mexico 

vz 

Uzbekistan 

CF 

Centra] African Republic 

JP 

Japan 

NE 

Niger 

VN 

Viet Nam 

CG 

Congo 

KE 

Kenya 

NL 

Netherlands 

YU 

Yugoslavia 

CH 

Switzerland 

KG 

Kyrgyzstan 

NO 

Norway 

zw 

Zimbabwe 

a . 

Cdte d' I voire 

KP 

Democratic People's 

NZ 

New Zealand 



CM 

Cameroon 


Republic of Korea 

PL 

Poland 



CN 

China 

KR 

Republic of Korea 

FT 

Portugal 



CU 

Cuba. 

KZ 

Kazakstan 

RO 

Romania 



CZ 

Czech Republic 

IX 

Saint Lucia 

RU 

Russian Federation 



DE 

Germany 

U 

Liechtenstein 

SD 

Sudan 



DK 

Denmark 

LK 

Sri Lanka 

SE 

Sweden 



EE 

Estonia 

LR 

Liberia 

SG 

Singapore 




WO 98/22024 


PCT/US97/21091 


MEDICAL GUIDEWIRE WITH FULLY HARDENED CORE 

FIELD OF THE INVENTION 

This invention relates to guidewires for use with interventional and diagnostic catheters and 
more particularly, to guidewires with a fully hardened core having the characteristic of superior 
torsional control or torque transmission. 

BACKGROUND OF THE INVENTION 

Guidewires have long been used to facilitate diagnostic and therapeutic medical procedures. 
Generally speaking, a guidewire is the initial member inserted into a body cavity during many 
transluminal procedures. A guidewire is an elongated fine wire device intended to readily pass 
through body passageways to a location at which a medical procedure or treatment is to take place. 
Thereafter, in a typical arrangement, a catheter is threaded over the thus inserted guidewire, with the 
catheter following the pathway defined by the guidewire. In general terms, a guidewire is flexible, 
at least at its remote distal end tip. 

Remote distal end tip flexibility is often enhanced by providing one or more fine coils at the 
distal portion of the guidewire and securing these coils to the distal end of the guidewire's core. 
Typically, this securement application also includes a rounded distal tip that imparts some atraumatic 
characteristics to the guidewire. In the usual approach, these components are secured together by 
soldering, brazing, welding or by using an adhesive such as ultraviolet-curing adhesives, catalytic- 
curing such as epoxy or anaerobic adhesives such as cyanoacrylate adhesives. 

Distally tapered guidewires are generally composed of a stainless steel or austenitic metallic 
core which is not amendable to heat treatment for hardening the base metal. 

Stainless steel alloys employed in the medical field generally have a high chromium and low 
/ carbon content to provide resistance to oxidation and corrosion. Stainless steel or austenitic alloy 
guidewires are amendable to work hardening but the final process yields a wire that is hardened 
primarily in the outer layers. Any hardness developed by the work process decreases or is totally 
absent as the center of the core is approached where it remains relatively soft After stainless steel 
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or austenitic alloy guidewire cores are work hardened, they are distally tiered by standard diameter 
reduction processes, which exposes the relatively soft inner cross sectional layers and becomes the 
entire core of the distal end. This results in the stainless steel guidewire having inherently 
disportionate hardening throughout the length of the wire yielding suboptimal torsional 
characteristics. Inconsistent proximal to distal rotational movement makes it difficult for the 
clinician to penetrate small blood vessels while inadequate hardness affects the guidewire's catheter 
tracking capabilities. Stainless steel guidewires that suffer from inadequate entire cross sectional 
area hardening do not have high torsional capabilities for allowing the navigation through tortuous 
coronary, kidney or neurological vessels. In addition, such guidewires can suffer from snap or have 
unpredictable final tip positioning. Furthermore, it is important for a guidewire to be able to 
conform over sever curves and sharp angles without causing plastic deformation thereby having high 
ductility. 

Therefore, there is a need for a torsionally strong, fully hardened, high ductility guidewire. 

SUMMARY 

The present invention employs martensitic alloys which are amendable to heat treatment that 
renders the core of a guidewire to become fully hardened throughout its entire cross sectional area. 
When~thi5~ravention is tapered 'distally, the reduced diameter maintains the fully ha rdened 
characteristics-rendering a guidewire that has a fully hardened core or mandrel from the proximal 
end throughout its longitudinal length to the distal tip. One advantage of this fully hardened, distally 
tapered, guidewire is that the relative torsion input generated at the proximal end is transmitted along 
the longitudinal length with the torsion output at the distal end virtually identical to the input This 
is a desirable characteristic for a guidewire because it allows the clinician to predict the amount of 
distal tip rotation based on proximal torsional input while confirming the progress of this activity 
using a two dimensional fluoroscopy system. 

Furthermore, it is important for a guidewire to have high ductility thereby allow it to conform 
over tortuous curves and sharp angles without causing plastic deformation. This can be 
demonstrated on a standard stress-strain curve, where the characteristics of elasticity and plasticity 
usually result in a bilinear curve, with one line representing the elastic response and the other the 
plastic response, and the bend between the two lines the yield point at which further stress results 
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in deformation of the material. However, it is known that light steel alloys do not exhibit a clearly 
defined yield point In such cases the yield strength is approximated by an offset method Here, the 
yield strength is generally assumed to be that stress at which the material exhibits a permanent set 
of some constant value, such as 0.2%. It has been demonstrated that the present invention exhibits 
a yield strength where the constant value at which a permanent set develops is substantially lower 
than 0.2%. Furthermore, in all standard stainless steel and austenitic alloy guidewires manufactured 
to date, the elasticity portion of the stress-strain curve is lower than that for the present invention at 
any given wire diameter. Therefore, the present invention has a significant advantage in that the 
yield strength is higher than the standard guidewire thereby having higher ductility for a given cross 
sectional area. These parameters translate into a guidewire which provides the clinician with a both 
a safer and higher performance design (e.g., ductility, catheter support, one-to-one torsion 
transmission) then presently available. 

In general, it is an object of the present invention to provide a guidewire that is fully hardened 
throughout its cross sectional area. 

Another object of the invention is to provide a guidewire of the above character that has high 
and consistent torsional capabilities. 

Another object of the present invention is to provide a guidewire manufactured from a high 
ductility material thereby providing superior resistance to deformation when stressed over that of 
standard stainless steed guidewires. 

Another object of the present invention is to provide a guide wire of the above character 
which is provided with a small tip facilitating deep penetration into small vessels. 

Another object of the present invention is to provide a guide wire of the above character 
which has a relatively large proximal diameter to facilitate tracking of the catheter while it is in use. 

Another object of the present invention is to provide a guide wire of the above character that 
has a very floppy distal end. 
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Another object of the present invention is to provide a guide wire of the above character that 
can be provided with various degrees of floppiness on its distal end. 

Additional objects and features of the invention will appear from the following description 
in which the preferred embodiment is set forth in detail in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graphical depiction of the relative percent hardness throughout the cross sectional 
area of the core comparing that of a standard stainless steel with that of the present invention. 

FIG. 2 is a graphical representation of the relative degree of hardness along the entire length 
of a standard stainless steel guidewire with a step-down tapered core. 

FIG. 3 is a graphical representation of the relative degree of hardness along the entire length 
of the present invention with a step-down tapered core. 

FIG. 4 is a graphical representation of the relative degree of hardness along the entire length 
of a standard stainless steel guidewire with a constant tapered core. 

FIG. 5 is a graphical representation of the relative degree of hardness along the entire length 
of the present invention with a constant tapered core. 

FIG. 6 is a side elevational view of the constant tapered core wire used in connection with 
construction of the fully hardened guidewire incorporating the present invention. 

FIG. 7 is a side elevational view partially in cross section of a constant tapered guide wire 
incorporating the present invention which is provided with a floppy distal end having an attached 
round protrusion. 


FIG. 8 is an enlarged view of the distal extremity of the guide wire shown in FIG. 7. 
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FIG. 9 is a side elevational view partially in cross section of a constant tapered guide wire 
incorporating the present invention which is provided with a floppy distal end having a detached 
round protrusion and safety wire. 

FIG. 10 is an enlarged view of the distal extremity of the guide wire shown in FIG. 9. 

FIG. 1 1 is a side elevational view of the step down tapered core wire used in connection with 
construction of the fully hardened guidewire incorporating the present invention. 

FIG. 12 is a side elevational view partially in cross section of a step down tapered guide wire 
incorporating the present invention which is provided with a floppy distal end having an attached 
round protrusion. 

FIG. 13 is a side elevational view partially in cross section of a step down tapered guide wire 
incorporating the present invention which is provided with a floppy distal end having a detached 
round protrusion and safety wire. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In general, the torsional guidewire with a fully hardened core comprises an elongate core 
element having proximal and distal ends and having a decreasing cross sectional area in a direction 
toward the distal end. It is also comprised of one or more coils carried by and secured to the core 
element and extending over the distal extremity of the core element The coil is formed of wire that 
is wound in a coil or helix configuration. 

In FIG. 1 , a graph depicts the relative percent hardness throughout the entire cross sectional 
area of a guidewire core or mandrel comparing a standard stainless steel guidewire 14 with the 
present invention 10. This graph represents a cross section of each wire diameter before either has 
been subjected to any tapering process. As the graph demonstrates, when the stainless steel 
guidewire's 14 diameter is tapered, the reduced cross section portions become relatively less hard 
as the center of the cross section is approached. Conversely, when the present invention guidewire 
core is tapered, the reduced cross section maintains the hardness throughout the length of the 
guidewire. Furthermore, the present invention employs a material that has a higher ductility and 
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yield strength for a given wire diameter, and can be fully hardened throughout it cross section by heat 
treatment. 

As shown more particularly in FIG. 2 the step-down diameter of the standard stainless steel 
5 or austenitic alloy guidewire core yields a decreasing hardness (represented in relative decreasing 
hardness hereinafter by the marks H, H- and H=) as the softer core is exposed. Conversely, as shown 
in FIG. 3, the heat treated, fully hard core of the present invention maintains a constant hardness (H) 
throughout its longitudinal length regardless that the surface layers are removed during tapering 
processing to expose inner material. 

10 

Additionally, as shown more particularly in FIG. 4 the constant taper diameter of the standard 
stainless steel or austenitic alloy guidewire core yields a decreasing hardness (H, H- and H=) as the 
softer core is exposed. Conversely, as shown in FIG. 5, the heat treated, fully hard core of the 
present inventions maintains a constant hardness (H) throughout its longitudinal length regardless 
1 5 that the surface layers are removed during tapering processing to expose the inner core. 

The core element 12, shown in more detail in FIG. 6, is formed of a suitable material such 
as one of the martensitic steel alloys. The herein described advantages of the present invention are 
achieved in an age or temperature hardened, martensitic steel alloy as summarized in Table I below, 
20 containing in weight percent, about: 


Table I 

Broad Intermediate Preferred 

C 0.20 - 0.33 0.20 - 0.31 0.21 - 0.27 

Cr 2.0 - 4.0 2.25- 3.50 2.5 - 3.3 

25 IMi 10.5 -15.0 10.75-13.50 11.0 -12.0 

Mo 0.75- 1.75 0.75- 1.5 1.0 - 1.3 

Co 8-17 10 -15 11 -14 

Fe balance balance balance 


30 Here and throughout, the described advantages of the present invention are also achieved in 

further age or temperature hardened, martensitic steel alloys, as summarized in Table II below, 
containing in weight percent, about: 
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Table II 

wt.% 

Carbon 

0.10- 1.20 

Manganese 

4 AA 4 OC 

l .00 - 1 .25 

Chromium 

4.00-18.00 

Silicone 

0.50- 1.00 

Nickel 

0.00- 2.50 

Molybdenum 

0.00- 0.75 

Iron 

balance 


The foregoing tabulations are provided as a convenient summary and is not intended to 
1 5 restrict the lower and upper values of the ranges of the individual elements of the present invention. 

Also shown is the proximal portion 20 with a relatively constant diameter throughout its 
entire length, a constant taper 22 and distal end portion 24. The core element 12 has a suitable 
diameter ranging from 0.008 to 0.0199 inches and has a suitable length ranging from 100 to 300 

20 centimeters. The core element 12 is provided with proximal and distal ends 21 and 23, respectively. 
The core element 12 is ground to provide a core wire that has a decreasing cross sectional area 22 
in a direction toward the distal end. Although not shown to scale, the core 12 is provided with a 
cylindrical proximal portion 20 that extends over most of the length of the core. A tapered portion 
22 adjoins the proximal portion 20 and extends over a suitable distance ranging from 2 to 20 inches, 

25 with a preferred range of 4 to 1 5 inches. The remaining length of the core element 1 2 is ground to 
a distal diameter ranging from 0.002 to 0.004 inches for a length of approximately 2 to 5 centimeters. 

Thus it is shown that the core element 12 has been carefully dimensioned by grinding to 
provide a decreasing cross sectional area or a taper as hereinbefore described. 

30 

As shown in FIG. 7, guidewire 10 may consist of one or two coils (36 and alternately 32) 
surrounding the core and attached near the distal end Distal coil 36 itself is shown in FIGS. 7 and 
8 and is an important component of the guidewire 10. Distal coil 32 functions to protect the small 
diameter distal section 24 of guidewire 1 0 from damage and maintain its floppy characteristics. Coil 
35 36 is wound from a suitable material such as gold/nickel alloy and has a diameter that ranges from 
0.001 to 0.004 inches with a preferable diameter of 0.003 inches. 
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As a skilled artisan will appreciate, the material of coil 36 may also be selected from a wide 
range of metallic (e.g., gold, tantalum, tungsten, platinum, iridium, rhenium and alloys of the 
materials) or polymeric materials to meet a particular need. 

5 A distal ball 38, as shown in FIG 7, is formed on the distal end 23 of the core using a process 

that utilizes a portion of the distal coil 36 as material to form the ball 38 as hereinafter described. 

Another core or coil section can be provided which is identified as proximal coil 32. As 
shown in FIG. 7, which details a dual coil design, the distal end of the proximal coil 32 abuts to the 

10 proximal end of distal coil 36. Proximal coil 32 surrounds the tapered core 22 near the distal end 
and functions to further protect the small diameter of the distal constant taper. The wire from which 
proximal coil 32 is wound is formed of a suitable material such as stainless steel alloy and has a 
diameter that ranges from 0.001 to 0.004 inches with a preferable diameter of 0.002 inches. As a 
skill artisan will appreciate, the material of coil 32 may also be selected from a wide range of other 

1 5 materials to meet a particular need. 

Not shown in the drawings is an optional coating that can be applied to the outer surface of 
core 20, including a portion of the constant tapered section 22. This coating may consist of Teflon 
or PTFE material, Parylene, or other lubricous material. 

20 

Another embodiment of the present invention, as shown in FIG. 9 and 10, consists of a 
guidewire utilizing the components describe above, except that coil 40 extends a suitable distance 
beyond the distal extremity of the core element 24, for example, 0.40to 0.80 inches beyond end 23, 
with a preferable range of 0.55 to 0.65 inches. A safety ribbon 44, formed of a suitable material such 

25 as tungsten or a tungsten alloy and of suitable dimension such as a width of 0.003 inches and a 
thickness of 0.001 inches, extends from the distal end of core 24 to the outermost or distal extremity 
of coil 40. The proximal extremity of the safety ribbon 44 and the proximal end of coil 40 are joined 
into a unitary assembly with the distal portion of core element 12 by a suitable means such as 
brazing, or soldering, or by using an adhesive 34. The braze, solder or adhesive joint is formed so 

30 that the material fills the interstices between coils 32 and 40. 

The distal extremity of the coil 40 is provided with a suitable means for rounding of the 
extremity and securing the distal extremity of the safety wire or ribbon 44. It consists of a ball or 
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plug 42 formed of a suitable material such as gold bonded onto or formed from the distal end of coil 
40 and safety ribbon 44. 

Alternatively, another coil section is provided which can be identified as the proximal coil 
5 32. As shown in FIG. 9, which details a dual coil design, the distal end of the proximal coil 32 abuts 
to the proximal end of distal coil 40. Proximal coil 32" surrounds the tapered core portion 22 near 
the distal end and functions to further protect the small diameter of the distal constant taper. In this 
context, the ends of coils 40 and 32 are screwed or butted together and joined into a unitary assembly 
with core element 12 by the hereinbefore described means. The proximal portion of coil 32 is 
1 0 secured to the tapered core portion 22 by a suitable means such as brazing, soldering or adhesive 
means 30. The braze, solder or adhesive joint is formed so that the material fills the interstices 
between coils 32. 

The solder, brazing or adhesive materials utilized in connection with the manufacture of the 
1 5 guidewire are of conventional types. For example, the solder can be a conventional silver alloy, or 
tin silver alloy whereas the brazing material can be an alloy of silver, copper, tin or nickel. The 
adhesive materials can be a catalyst-curing such as an epoxy, or ultraviolet-curing, or anaerobic 
adhesives such as cyanoacrylate. 

20 In another embodiment of the present invention, step-down core element 5 1 , shown in more 

detail in FIG. 1 1, is formed of a suitable material such as one of the martensitic steel alloys. The 
proximal core 50 has a suitable diameter ranging from 0.008 to 0.0199 inches and has a suitable 
length ranging from 100 to 300 centimeters. It is provided with a tapered portion 52 which adjoins 
one extremity of the proximal core 50 which adjoins another cylindrical intermediate portion 54 

25 having a suitable dimension such as 0.005 to 0.010 inches in diameter and preferable diameter of 
approximately 0,008 inches. Another tapered portion 56 is provided which adjoins intermediate 
portion 54 with a distal portion 58. The distal portion 58 has a suitable dimension equal or less than 
0.007 inches in diameter. As with the constant tapered core 12 described above, the stepdown core 

51 can have a suitable length of a range from 100 to 300 centimeters. Cylindrical intermediate 
30 portion 54 can have a length of approximately 1 5 to 30 centimeters and a preferable length of 27 

centimeters. Distal portion 58 can have a length of approximately 4 centimeters. Tapered portions 

52 and 56 can have a length of approximately 0.5 to 2.0 centimeters. 
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As described above for the constant taper core 12, the step-down core 5 1 can be fitted with 
a single or dual coils secured to the coil as hereinafter described and as shown in FIG. 12. 


Furthermore, another embodiment is shown in FIG 13, where coil 62 extends a suitable 
5 distance beyond the distal extremity of the step-down core element 58, as for example a length of 
0.40 to 0.80 inches from the end 64 and preferably 0.60 inches plus or minus 0.005 inches. A safety 
ribbon 67, formed of a suitable material such as tungsten or a tungsten alloy and of suitable 
dimension such as a width of 0.003 inches and a thickness of 0.001 inches, extends from the distal 
extremity of the core portion 58 to the outermost or distal extremity of coil 62. The proximal 
1 0 extremity of the safety ribbon 67 and the end of coil 62 are joined into a unitary assembly with the 
core element 5 1 by a suitable means such as brazing, or soldering. 

The distal extremity of the coil 62 is provided with a suitable means for rounding of the 
extremity and securing the distal extremity of the safety wire or ribbon 67. It consists of a ball or 
1 5 plug 42 formed of a suitable material such as gold bonded onto or formed from the distal end of coil 
62 and safety ribbon 67. 

With these fabricated components hereinbefore described, the guidewire may now be 
assembled. First, the base martensitic steel allow is drawn to a specified diameter, straighten and 

20 cut to length, and then age or heat-treated within a range of 700°F to 1950°F, with a preferable 
temperature range of 720°F to 900°F. To start the assembly, the core is ground to a specific tapered 
configuration. As described above, one embodiment uses a constant tapered core 12 and another 
embodiment uses a step-down core 51. Once the core is ground and appropriately cleaned, the 
proximal coil 32 or 62, if applicable, is threaded over the core 12 or 5 1 , respectively. Then distal 

25 coil 36 or 40 is slid over the core wire and if applicable, the proximal and distal coils are abutted or 
screwed together. Hereinafter, the manufacturing process differs between the embodiments shown 
in FIGS. 7, 8 and 12 where the distal ball 38 or 42 is secured to the distal extremity of the distal 
portion 24 or 58 of the core, and the embodiments shown in FIGS. 9, 10, and 13 where the coil 40 
or 62 extends a suitable distance beyond the distal extremity of the core element 24 or 58, and a 

30 safety ribbon 44 or 67 extends from the distal extremity of the core portion 24 or 58 to the outermost 
or distal extremity of coil 40 or 62, terminating in a distal ball. 
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In the embodiments where the distal ball 38 (constant taper) or 42 (step-down taper) is 
secured to the distal extremity of the core, the manufacturing process continues by inserting a distal 
coil 36 or 62 into a fixture/collet such that a distal end portion of the coil projects out of the collet 
and beyond its face, and locating the core 12 or S 1 at a staged position remote from this face of the 
5 collet. Next, the projecting distal end portion of the coil is heated to form a heated tip mass until this 
mass engages the face of the collet. Upon cooling, the leading end is joined to the now solidified 
coil tip mass so as to define a distal ball 38 or 42 secured to the distal end of the core 24 or 58. This 
heated mass also secures the distal end of the core, the distal extremity of the coil, and the ball 
together forming a unitary assembly. After the distal ball is formed, the intermediate joint 32 or 68 
1 0 is formed securing the proximal end of the distal coil and if applicable, the distal end of the proximal 
coil to the core. If the proximal coil is employed, then a proximal joint 30 or 60 is formed securing 
the proximal end of the proximal coil to the core. 

Returning to the embodiments where the coil 40 or 62 extends a suitable distance beyond the 
1 5 distal extremity of core 24 or 58, and the safety ribbon 44 or 67 extends from the distal extremity of 
the core portion 24 or 58 to the outermost extremity of coil 40 or 62 and terminates in a spherical 
ball 38 or 42. The manufacturing process continues first by inserting the distal coil 36 or 62 into a 
collet with safety ribbon 44 or 67 projecting out of the collet and beyond its face, and locating safety 
ribbon 44 or 67 at a staged position remote from the face of the collet Next, the projecting distal 
20 end portion of the coil and safety ribbon is heated to form a heated tip mass until this mass engages 
the face of the collet Upon cooling, the leading end is joined to the now solidified coil tip mass so 
as to define a distal ball 38 or 42 secured to the distal end of the core 24 or 58. After the distal ball 
is formed, the intermediate joint 32 or 68 is formed securing the proximal end of the distal coil and 
if applicable, the distal end of the proximal coil to the core. If the proximal coil is employed, then 
25 a proximal joint 30 or 60 is formed securing the proximal end of the proximal coil to the core. 

The operation and use of the guidewire 10 or 53 is very similar to that for other standard 
guidewires. It, however, has numerous characteristics that are superior to standard stainless steel or 
austenitic alloy guidewires. 

30 

It is apparent from the foregoing that there has been provided a new and improved guide wire 
that is fully hardened throughout its longitudinal length, and has superior torsional capabilities and 
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ductility. The present invention also has a construction that can be economically manufactured in 
quantity with great precision. 

Claims: 
5 What is claimed is: 

1 . A guidewire comprising: 

an elongated flexible element formed from an alloy that is consistently hardened throughout 
1 0 its cross sectional area by treatment with heat; 

said elongated flexible element having a proximal portion ranging from 0.008 to 0.0199 
inches; 

1 5 a distal portion of less than 0.007 inches; 

an intermediate section having a decreasing cross sectional area in a direction towards said 
distal portion; and 

20 a first coil having a proximal extremity and a distal extremity and secured to said distal 

portion. 

2. A guidewire as recited in claim 1, further comprising a second coil having a proximal 
extremity and a distal extremity, said distal extremity of the second coil engaged and secured to the 

25 proximal extremity of the first coil and the proximal extremity of the second coil secured to said 
intermediate section. 

3 . A guidewire as recited in claim 1 , wherein a distal extremity of said first coil extends beyond 
the distal portion of said elongated flexible element together with a safety wire secured to said distal 

30 extremity of said first coil and also secured to said elongated flexible element. 
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4. A guidewire as recited in claim 1, wherein said alloy consists essentially of, in weight 
percent, about 


wt.% 


Carbon 

0.20 

- 0.33 

Chromium 

2.0 

- 4.0 

Nickel 

10.5 

- 15.0 

Molybdenum 

0.75 

- 1.75 

Cobalt 

8 

- 17 


and the balance is essentially iron. 

5. A guidewire as recited in claim 1, further comprising a second coil having a proximal 
extremity and a distal extremity, said distal extremity of the second coil engaged and secured to the 
proximal extremity of the first coil and the proximal extremity of the second coil secured to said 
intermediate section. 

6. A guidewire as recited in claim 2. wherein said first coil is comprised of a gold nickel alloy 
or tungsten/iridium alloy and said second coil is comprised of stainless steel. 

7. A guidewire as recited in claim 1 wherein said elongated flexible element has cylindrical 
portions of different diameters and tapered portions of different diameters adjoining said cylindrical 
portions. 

8. A guidewire as recited in claim 1 wherein said elongated flexible element has a continuous 
tapered section having a proximal end and a distal end, said proximal end adjoining said proximal 
portion and said distal end adjoining said distal portion. 

9. A guidewire as recited in claim 1 , wherein a distal extremity of said first coil extends beyond 
the distal portion of said elongated flexible element together with a safety wire secured to said distal 
extremity of said first coil and also secured to said elongated flexible element. 

10. A guidewire comprising: 

* an elongated flexible element formed from a martensitic steel alloy; 
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said flexible element having a proximal portion ranging from 0.008 to 0.0199 inches; 
distal portion of less than 0.007 inches; 

and an intermediate section having a decreasing cross sectional area in a direction towards 
said distal portion; and 

a first coil having a proximal extremity and a distal extremity and secured to said distal 
portion. 

11. A guidewire as recited in claim 10, further comprising a second coil having a proximal 
extremity and a distal extremity, said distal extremity of the second coil engaged and secured to the 
proximal extremity of the first coil and the proximal extremity of the second coil secured to said 
intermediate section. 

12. A guidewire as recited in claim 10, wherein a distal extremity of said first coil extends 
beyond the distal portion of said elongated flexible element together with a safety wire secured to 
said distal extremity of said first coil and also secured to said elongated flexible element. 

13. A guidewire as recited in claim 10, wherein said elongated flexible element has cylindrical 
portions of different diameters and tapered portions of different diameters adjoining said cylindrical 
portions. 

14. A guidewire as recited in claim 1 0, wherein said elongated flexible element has a continuous 
tapered section having a proximal end and a distal end, said proximal end adjoining said proximal 
portion and said distal end adjoining said distal portion. 


1 5. A guidewire as recited in claim 1 0, wherein said martensitic steel alloy consisting essentially 
of, in weight percent, about 


wt.% 

Carbon 

0.10- 1.20 

Manganese 

1.00- 1.25 

Chromium 

4.00 -18.00 

Silicone 

0.50- 1.00 

Nickel 

0.00- 2.50 

Molybdenum 

0.00 - 0.75 
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and the balance is essentially iron. 

16. A guidewire comprising: 

5 an elongated core element made from a martensitic steel alloy having a proximal portion and 

distal portion; 

an first coil formed of a radiopaque material having a proximal end and a distal end; and 

10 a second coil carried by, surrounding and secured to said core element, said coil having 

proximal and distal ends. 

17. A guidewire as recited in claim 16, wherein said second coil has a substantially uniform 
diameter together with a rounded tip carried by the distal end of the second coil. 

15 

1 8. A guidewire as in claim 16, wherein said second coil has proximal and distal ends engaged 
to the core element and has its distal end juxtaposed to the proximal end of the first coil and means 
fonning a bond between the juxtaposed ends of the first coil, the second coil and the core element. 

20 1 9. A guidewire as in claim 1 6, wherein said elongated core element has cylindrical portions of 

different diameters and tapered portions of different diameters adjoining said cylindrical portions. 

20, A guidewire as recited in claim 16, wherein said elongated core element has a continuous 
tapered section having a proximal end and a distal end, said proximal end adjoining said proximal 

25 portion and said distal end adjoining said distal portion. 

21. A guidewire comprising an flexible elongate martensitic steel alloy element, a coil carried 
by said flexible elongate martensitic steel alloy element, said coil being formed of first and second 
sections, said first and said second sections having end portions adjoining each other and means 

30 fonning a bond between the ends of said first and second sections and a portion of said flexible 
elongate martensitic steel alloy element, and a rounded protrusion carried by the distal extremity of 
the coil. 
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22. A guide wire as recited in claim 21, further comprising a safety wire extending from the 
flexible elongate martensitic steel alloy element and bonded to said rounded protrusion. 
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